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© Break-out detection in continuous casting. 

© A method and apparatus for predicting the likeli- 
hood of a break-out during continuous casting of 
molten metal in a vertical mold. A continuous deter- 
mination is made of (a) the location within the mold 
of the molten metal level and (b) the peak tempera- 
ture location within the mold, both in relation to the 



FIG. I 



top of the mold. The vertical distance between (a) 
and (b) is noted, and that distance is continuously 
monitored to detect any increase therein. A substan- 
tial increase indicates the likelihood of a breakout 
unless corrective action is taken. 
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and continuously monitoring said vertical distance 
to detect any increase therein. 

2. A method as recited in claim 1 wherein said 
step of determining the location of said peak tem- 
perature comprises: 

measuring the mold wail temperature at each of a 
multiplicity of vertically spaced locations between 
said upper and lower moid ends. 

3. A method as recited in claim 1 and compris- 
ing: 

providing said mold with a multiplicity of vertically 
spaced, horizontally disposed, cooling channels at 
locations between said upper and lower mold ends; 
and circulating cooling liquid through each of said 
channels. 

4. A method as recited in claim 3 wherein: 
said cooling liquid is circulated at the same flow 
rate through each of said channels; 

and said location of said peak temperature is deter- 
mined by determining the temperature differentials 
for the cooling liquid entering and exiting each 
channel. 

5. A method as recited in claim 3 wherein: 
said location of said peak temperature is deter- 
mined by determining the mold heat transfer rate 
(MHTR) at each of said channels. 

6. A method as recited in claim 1 and compris- 
ing: 

actuating an alarm in response to the detection of a 
substantial increase in said distance. 

7. A method as recited in claim 1 and compris- 
ing: 

actuating an alarm when said distance is greater 
than about 3 inches (7.6 cm). 

8. A method as recited in claim 1 and compris- 
ing: 

actuating an alarm when said distance is greater 
than about 15% of the vertical dimension of said 
mold. 

9. In combination with the method recited in 
any one of the preceding claims, the step compris- 
ing: 

initiating corrective action to prevent a break-out, in 
response to the detection of a substantial increase 
in said distance. 

10. In the combination of claim 9 wherein said 
corrective action comprises at least one of the 
following steps: 

(a) decreasing the rate at which said shell is 
withdrawn from said mold; and 

(b) raising the molten metal level in said 

mold. 

11. In the combination of claim 10 wherein said 
corrective action is step (b). 

12. In a continuous casting process for forming 
a cast metal shell, wherein molten metal descends 
through a vertically disposed, liquid-cooled mold 
having an upper end, an open lower end. and a 



predetermined vertical dimension, a method for 
predicting the likelihood of a molten metal break- 
out from said shell, at said lower end of the mold, 
said method comprising the steps of. 

s providing said mold with a multiplicity of vertically 
spaced, horizontally disposed, cooling channels at 
locations between said upper and lower mold ends: 
circulating cooling liquid through said channels; 
continuously measuring the flow rate of the liquid 

w entering each channel, throughout the casting op- 
eration; 

continuously measuring the temperature of the liq- 
uid entering each channel, throughout the casting 
operation; 

75 continuously measuring the temperature of the liq- 
uid exiting each channel, separately for each of 
said channels, throughout the casting operation; 
continuously calculating, from the measurements 
obtained in said three above-recited measuring 

20 steps, the mold heat transfer rate (MHTR) at each 
of said channels; 

continuously determining the molten metal level 
location in said mold, throughout the casting opera- 
tion; 

25 plotting, on a graph in which one coordinate is said 
MHTR and the other coordinate is the vertical 
distance from the top of the mold, a curve showing 
the MHTR along said vertical dimension between 
said upper and lower ends of the mold; 

30 depicting, on said graph, the location of said mol- 
ten metal level in relation to the top of the mold; 
periodically changing said curve to reflect change 
in said. MHTRs; 

periodically changing the depiction on said graph 
35 of said molten metal level location, to reflect 

change in the location of said molten metal level in 

relation to the top of the mold; 

noting from said curve the location of the peak 

MHTR in relation to the top of the mold; 
40 noting, from the information represented on said 

graph, the vertical distance between (a) said peak 

MHTR location and (b) said molten metal level 

location; 

and continuously monitoring said vertical distance 
45 to detect any increase in said distance. 

13. In a continuous casting process for forming 
a cast metal shell, wherein molten metal descends 
through a vertically disposed, liquid-cooled mold 
having an upper end, an open lower end, and a 
so predetermined vertical dimension, a method for 
predicting the likelihood of a molten metal break- 
out from said shell, at said lower end of the mold, 
said method comprising the steps of: 
providing said mold with a multiplicity of vertically 
55 spaced, horizontally disposed, cooling channels at 
locations between said upper and lower mold ends; 
circulating cooling liquid at the same flow rate 
through each of said channels; 
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continuously measuring the temperature of the liq- 
uid entering each channel, throughout the casting 
operation; 

continuously measuring the temperature of the liq- 
uid exiting each channel, separately for each of 
said channels, throughout the casting operation; 
continuously calculating, for each of said channels, 
the temperature differential of the cooling liquid 
which circulated through that channel; 
continuously determining the molten metal level 
location in said mold, throughout the casting opera- 
tion; 

plotting, on a graph in which one coordinate is said 
temperature differential and the other coordinate is 
the vertical distance from the top of the mold, a 
curve showing the temperature differential along 
said vertical dimension between said upper and 
lower ends of the mold; 

depicting, on said graph, the location of said mol- 
ten metal level in relation to the top of the moid; 
periodically changing said curve to reflect change 
in said temperature differentials; 
periodically changing the depiction on said graph 
of said molten metal level location to reflect change 
in the location of said molten metal level in relation 
to the top of the mold; 

noting from said curve the location of the peak 
temperature differential, in relation to the top of the 
mold; 

noting, from the information represented on said 
graph, the vertical distance between (a) said peak 
tempterature differential location and (b) said mol- 
ten metal level location; 

and continuously monitoring said vertical distance 
to detect any increase in said distance. 

14. A method as recited in Claim 12 or Claim 
13 wherein said periodic changing of said curve 
occurs at a time interval less than ten seconds. 

15. A method as recited in claim 14 wherein 
sad periodic changing of said depiction of the 
molten metal level location occurs at a time interval 
less than ten seconds. 

16. A method as recited in claim 14 or claim 
15 wherein said time interval is less than about five 
seconds. 

17. In a continuous casting process for forming 
a cast metal shell, wherein molten metal descends 
through a vertically disposed, liquid-cooled mold 
having walls, an upper end, an open lower end, and 
a predetermined vertical dimension, a method for 
predicting the likelihood of a molten metal break- 
out from said shell, at said lower end of the mold, 
said method comprising the steps of: 
continuously measuring the wall temperature of the 
mold at each of a multiplicity of vertically spaced 
locations between said upper and lower mold ends; 
continuously determining the molten metal level 
location in said mold, throughout the casting opera- 



tion; 

plotting, on a graph in which one coordinate is said 
mold wall temperature and the other coordinate is 
the vertical distance from the top of the mold, a 
5 curve showing the mold wall temperature along 
said vertical dimension between said upper and 
lower ends of the mold; 

depicting, on said graph, the location of said mol- 
ten metal level in relation to the top of the mold; 

io periodically changing said curve to reflect change 
in said mold wall temperatures; 
periodically changing the depiction on said graph 
of said molten metal level location to reflect change 
in the location of said molten metal level in relation 

75 to the top of the mold; 

noting from said curve the location of the peak 
mold wall temperature, in relation to the top of the 
mold; 

noting, from the information represented on said 
20 graph, the vertical distance between (a) said peak 
mold wall temperature location and (b) said molten 
metal level location; 

and continuously monitoring said vertical distance 
to detect any increase in said distance. 

25 18. In continuous casting equipment for for- 

ming a cast metal shell from molten metal wherein 
said equipment includes a vertically disposed mold 
having walls, an upper end and an open lower end, 
and said mold has a predetermined vertical dimen- 

30 sion, apparatus for predicting the likelihood of a 
molten metal break-out from said shell, at said 
lower end of the mold, said apparatus comprising: 
means for. continuously determining the location of 
the molten metai level in said mold, in relation to 

35 the top of the mold; 

means for continuously determining the location of 
the peak temperature within said mold, in relation 
to the top of the mold; 

means for noting the vertical distance between (a) 
40 said peak temperature location and (b) said molten 
metal level location; 

and means for continuously monitoring said vertical 
distance to detect any increase therein. 

19. Apparatus as recited in claim 18 wherein 

45 said means for determining the location of said 
peak temperature comprises: 
a multiplicity of temperature sensor means located 
in the mold wall at vertically spaced locations be- 
tween said upper and lower mold ends. 

so 20. Apparatus as recited in claim 18 and com- 

prising: 

a multiplicity of vertically spaced, horizontally dis- 
posed, cooling channels in said mold at locations 
between said upper and lower mold ends; 
55 and means for circulating a cooling fluid through 
each of said channels. 

21 . Apparatus as recited in claim 20 and com- 
prising: 

10 
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means for circulating said cooling liquid at the 
same flow rate through each of said channels; 
said means for determining said peak temperature 
location comprising means for determining the 
temperature differentials for tHe cooling liquid en- 
tering and exiting each channel. 

22. Apparatus as recited in claim 20 wherein 
said means for determining said peak temperature 
location comprises: 

means for determining the mold heat transfer rate 
(MHTR) for each of said channels, 

23. Apparatus as recited in claim 18 and com- 
prising: 

means for actuating an alarm in response to the 
detection of a substantial increase in said distance. 

24. Apparatus as recited in claim 18 and com- 
prising: 

means for actuating an alarm when said distance is 
greater than about 3 inches (7.6 cm). 

25. Apparatus as recited in claim 18 and com- 
prising: 

means for actuating an alarm when said distance is 
greater than about 15% of the vertical dimension of 
said mold. 

26: In continuous casting equipment for for- 
ming a cast metal shell from molten metal wherein 
said equipment includes a vertically disposed mold 
having an upper end and an open lower end, and 
said mold has a predetermined vertical dimension, 
apparatus for predicting the likelihood of a molten 
metal break-out from said shell, at said lower end 
of the mold, said apparatus comprising: 
a multiplicity of vertically spaced, horizontally dis- 
posed, cooling channels in said mold at locations 
between said upper and lower mold ends; 
means for circulating cooling liquid through said 
channels; 

means for continuously measuring the flow rate of 

the liquid entering each channel; 

means for continuously measuring the temperature 

of the liquid entering each channel; 

means for continuously measuring, separately for 

each channel, the temperature of the liquid exiting 

each channel; 

means for continuously determining the molten 
metal level location in said moid; 
computer means; 

means for feeding each of said temperatures and 
flow rate measurements into said computer means; 
means for feeding the molten metal level deter- 
mination into said computer means; 
said computer means comprising each of the fol- 
lowing elements (a)-(i): 

(a) means for calculating, from the tempera- 
ture and flow rate measurements fed into said 
computer means, the mold heat transfer rate 
(MHTR) at each of said channels; 

(b) means for displaying a graph in which 



one coordinate is said MHTR and the other coordi- 
nate is the vertical distance from the top of the 
mold; 

(c) means for plotting, on said graph, a curve 
5 showing the variation in MHTR along said vertical 

dimension between said upper and lower ends of 
the mold; 

(d) means for depicting, on said graph, the 
location of said molten metal level in relation to the 

/o top of the mold; 

(e) means for periodically changing said 
curve to reflect change in said MHTR's; 

(f) means for periodically changing the de- 
piction on said graph of said molten metal level 

75 location, to reflect change in the location of said 
molten metal level in relation to the top of the 
mold; 

(g) means for noting the location on said 
curve of the peak MHTR, in relation to the top of 

20 the mold; 

(h) means for noting, from the information 
represented on said curve, the vertical distance 
between said peak MHTR location and said molten 
metal level location; 

25 (i) and means for continuously monitoring 

said vertical distance to detect any increase in said 
distance. 

27. In continuous casting equipment for for T 
ming a cast metal shell from molten metal wherein 

30 said equipment includes a vertically disposed mold 
having an upper end and an open lower end, and 
said mold has a predetermined vertical dimension, 
apparatus for predicting the likelihood of a molten 
metal break-out from said shell, at said lower end 

35 of the mold, said apparatus comprising: 

a multiplicity of vertically spaced, horizontally dis- 
posed, cooling channels in said mold at locations 
between said upper and lower mold ends; 
means for circulating cooling liquid at the same 

40 flow rate through each of said channels; 

means for continuously measuring the temperature 
of the liquid entering each channel; 
means for continuously measuring, separately for 
each channel, the temperature of the liquid exiting 

45 each channel; 

means for continuously determining the molten 
metal level location in said mold; 
computer means; 

means for feeding each of said temperature mea- 
50 surements into said computer means; 

means for feeding the molten metal level deter- 
mination into said computer means; 
said computer means comprising each of the fol- 
lowing elements (aH») : 
55 (a) means for calculating, for each of said 

cooling channels, the temperature differential of the 
cooling liquid which circulated through that chan- 
nel; 

11 
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(b) means for displaying a graph in which 
one coordinate is said temperature differential and 
the other coordinate is the vertical distance from 
the top of the mold; 

(c) means for plotting, on said graph, a curve 
showing the temperature differential along said ver- 
tical dimension between said upper and lower ends 
of the mold: 

(d) means for depicting, on said graph, the 
location of said molten metal level in relation to the 
top of the mold; 

(e) means for periodically changing said 
curve to reflect change in said temperature dif- 
ferentials; 

(f) means for periodically changing the de- 
piction on said graph of said molten metal level 
location, to reflect change in the location of said 
molten metal level in relation to the top of the 
mold; 

(g) means for noting the location on said 
curve of the peak temperature differential, in rela- 
tion to the top of the mold; 

(h) means for noting, from the information 
represented on said curve, the vertical distance 
between said peak temperature differential location 
and said molten metal- level location; 

(i) and means for continuously monitoring 
said vertical distance to detect any increase in said 
distance. 

28. In continuous casting equipment for for- 
ming a cast metal shell from molten metal wherein 
said equipment includes a vertically disposed mold 
having walls, an upper end and an open lower end, 
and said mold has a predetermined vertical dimen- 
sion, apparatus for predicting the likelihood of a 
molten metal break-out from said shell, at said 
lower end of the mold, said apparatus comprising: 
means for continuously measuring the wall tem- 
perature of the mold at each of a multiplicity of 
vertically spaced locations between said upper and 
lower mold ends; 

means for continuously determining the molten 
metal level location in said moid; 
computer means; 

means for feeding each of said temperature mea- 
surements into said computer means; 
means for feeding the molten metal level deter- 
mination into said computer means; 
said computer means comprising each of the fol- 
lowing elements (a)-(h): 

(a) means for displaying a graph in which 
one coordinate is said mold wall temperature and 
the other coordinate is the vertical distance from 
the top of the mold; 

(b) means for plotting, on said graph, a curve 
showing said mold wall temperature along said 
vertical dimension between said upper and lower 
ends of the mold; 



(c) means for depicting, on said graph, the 
location of said molten metal level in relation to the 
top of the mold; 

(d) means for periodically changing said 
5 curve to reflect change in said mold wall tempera- 
tures; 

(e) means for periodically changing the de- 
piction on said graph of said molten metal level 
location, to reflect change in the location of said 

;o molten metal level in relation to the top of the 
mold; 

(f) means for noting the location on said 
curve of the peak mold wail temperature, in relation 
to the top of the mold; 

15 (g) means for noting, from the information 

represented on said curve, the vertical distance 
between said peak mold wall temperature location 
and said molten metal level location; 

(h) and means for continuously monitoring 

20 sakJ vertical distance to detect any increase in said 
distance. 
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